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ELECTRICITY AND RAILWAYS. 
Applications Oj Electricity to Railway Working. By 
W. E. Langdon. Pp. xvi + 331. (London : E. and 
F. N. Spon, Ltd., 1897.) 

I N this book the author shows that he is well 
acquainted with the subject on which he writes, and 
that his knowledge is of a thoroughly practical char¬ 
acter ; we can, therefore, recommend it not merely to 
those who are professionally engaged with railway work¬ 
ing, but also to that portion of the public who take an 
interest in the various methods that are adopted for 
securing their safety, and administering to their comfort, 
when they are travelling by rail. 

The book opens with a chapter “ on the construction 
of a line of telegraph,” in which cogent reasons are 
advanced why, in the making of a new railway, the com¬ 
pany ought to face the initial expense of constructing 
good, rather than cheap, telegraph lines ; and the results 
of a “ penny wise and pound foolish ” policy are pointed 
out. 

The language used in this chapter—indeed throughout 
the book—recalls the telegraph engineer of thirty years 
ago in that force and expressiveness, rather than elegance 
or exactness, are the result aimed at. The older 
engineer, for example, speaks of the “ railway metals ” 
when he means the iron rails, “ metalling a road ” when 
he means laying down stones, and the “ metal ” of an 
insulator when he is referring to the porcelain cup, and 
not, as a person might imagine, to the iron stalk of the 
insulator. Sentences like —“ Iron arms formed of L-iron 
. . . are less costly than the tubular arm, but fall short of 
the degree of strength which the latter enjoy,” the portion 
of the arm earth-wired is practically covered, &c.,” “a 
9-feet sleeper will cut three stay blocks, say each 36 
inches by, &c.,” invest iron and old railway sleepers with 
an activity that certainly has the effect of giving life to 
the book. The “ D.V. insulator,” we are told, is a 
“ double Varley,” and so we realise that it is not a pious 
reference to the wishes of Providence ; but how many of 
the average readers will be able to guess what such 
crisp expressions as “ G.l. wire ” and “ G.P. wire” stand 
for ? 

Chapters ii., iii., and iv. deal with “ surveying,” “posts 
and wires,” and “telegraph instruments and batteries” 
respectively. The use of the telephone to replace tele¬ 
graphic signalling is dealt with, the practicability of em¬ 
ploying the same line wire for the block bell and the 
telephone, on not very busy sections of the railway, is 
pointed out, and the methods of running several circuits 
on the same telegraph poles so that there shall be little 
mutual induction between them are described. The 
author doubts the advantage of replacing Leclanche cells 
with dry cells, but quotes the results of tests which show 
that of the two the dry cell polarises less rapidly than 
the Leclanche cell when each is joined up in series with 
a resistance of xoo ohms, or “short-circuited” through 
a resistance of loo ohms, as the author incorrectly 
calls it. 

Much is told us in Chapter v., and told us well, about 
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“ block signalling,” of which there are three methods in 
actual use, viz. the positive, the affirmative, and the 
permissive. With the first the signal is left indicating “ line 
clear,” except when a train is actually on the section in 
advance ; with the second the signal is normally left “ line 
blocked,” and it is only on information being telegraphed 
forward by the signaller that a train desires to enter a 
section, and on the signaller in advance telegraphing back 
his consent, that the semaphore arm is lowered. With 
the third system, two, or more, trains going in the same 
direction are allowed on one section at the same time, 
but the rear trains are warned that there are other trains 
in advance. This last system, which can hardly be 
called a block system at all, is, however, only employed 
under exceptional circumstances, such as in the working 
of station-yards, to enable trains to be brought to a stand 
at their respective platforms, for interchange of traffic, or 
for connection with other trains. 

The affir)native system is the one generally employed 
with the railways in this country, but on the Metropolitan 
Railway it is found necessary to resort to the positive 
system, in consequence of the large number of trains ; 
so that the semaphore-arm being up indicates that there 
is actually a train on the section ahead. 

We may take this opportunity of noticing, although 
Mr. Langdon does not refer to the matter in his book, 
that the behaviour of the ordinary railway passenger 
furnishes a striking example of the absence of powers of 
observation that characterises the average person. A 
train is at rest, say, at the platform of a Metropolitan 
Railway station, and the danger signal is obviously up, 
yet the passengers tear down the stairs, and rush 
frantically' along the line of carriages only to wait, 
panting for breath, until the train starts. Again, 
we wonder how many copies have been sold of the 
photograph of “the Flying Dutchman going at sixty 
miles an hour,” and how few are the purchasers who have 
noticed that in this photograph the signal is against the 
train, so that it must have been at rest when the photo¬ 
graph was taken. Or, again, how many persons who 
obtained season tickets for the Inventions Exhibition 
remarked that the train stamped, in gold, on the cover of 
the ticket was running neither on the “ up ” nor on the 
“ down ” pair of rails, but -on one of each pair, so that 
there was a single odd rail left on each side of the train 
for some mysterious and unknown use. 

The animated character of the instruments in this 
chapter is almost suggestive of Rudyard Kipling, for 
Mr. Langdon says that the tongue of a relay “ obtains 
its magnetic life from a permanent magnet H,” and that 
the indicating portion of an apparatus is locked “ in the 
position last afforded it by the current.” 

The block instruments devised by Preece, Pryce and 
Ferreira, Spagnoletti, Tyer, Webb and Thompson, and 
others, are fully dealt with in Chapters v. and vi., while 
Chapter vii. brings us to “automatic block signalling” 
with which the passage of a train works the signal elec¬ 
trically or electro-pneumatically. This subject has made 
practically no progress in this country, for while Hall’s 
automatic system, requiring only a comparatively small 
battery for each section of the line, is largely used on the 
United States railways, it is only on the Liverpool Over¬ 
head Electric Railway, where there is plenty of electric 

T 


© 1899 Nature Publishing Group 








4io 


NA TURK 


[March 2, 1899 


power available, that automatic block signalling has 
found a footing in Great Britain. To work Timmis’ 
“long-pull electromagnet” used on this line “the energy 
required is 5 amperes at a pressure of 40 volts (200 
watts) ”—at least so says the author of this book, making 
the same sort of confusion between current, energy and 
power as characterises “Article 12 of the Programme of 
the International Competitive Trials of Accumulators for 
Road Traction,” which has just been published, and 
which states : “ Besides an ammeter measuring the total 
quantity of electricity supplied to and from the batteries 
as a whole, an energy meter (watt-meter) . . . will 
measure the quantities of energy absorbed by and 
supplied to each of them.” 

Unlike automatic block signalling, the interlocking of 
the mechanical devices, and of the electric and me¬ 
chanical devices, connected with signalling and shunting, 
has received much attention in Great Britain during the 
past twenty-nine years, the earliest attempt in this 
direction having been made in 1870 by the author himself 
in conjunction with Mr. Preece, and a large number of 
illustrations connected with this part of the subject 
renders the study of Chapter viii. instructive. Some of 
the illustrations, however, are drawn on too small a scale, 
and are not well enough executed to enable the reader 
to clearly understand all the details. 

In the next chapter signal repeaters, light indicators, 
train indicators, lightning protectors, &c., are dealt 
with. A signal repeater is a device for indicating 
whether the motion of the arm of a semaphore, which is 
out of sight, corresponds correctly with the motion given 
by a signalman to the handle in his box, while a light 
indicator informs him whether the lamp on a semaphore 
post has gone out, or has become dim. The action of 
the latter depends on the difference in the expansion, by 
heat, of a tube of brass and of a rod of steel inside it ; 
this, however, is not clearly explained, and from the 
description it would appear as if the action would take 
place just as well if the tube and the rod were of the 
same material. These indicating devices are found to 
be of great use, says the author, “ at heavily signalled 
termini.” 

“ Electric station lighting ” and “ electric train 
lighting” come next, and the author mentions that 
while arc-lighting of goods-yards-sidings is now much 
used, since it effects economy in capital, men, material 
and time in loading trucks, it was originally introduced 
in the Nine Elms yard mainly to stop the robbery which 
the absence of efficient lighting encouraged, and that the 
cost of its installation there has been largely defrayed 
by the diminution of the loss through theft that has 
resulted. 

The author, like so many practical men, talks about 
“ the volts and current,” although doubtless he would 
not say “the feet and weight of a girder” when he 
meant “ the length and weight,” nor would he speak of 
“ the pounds of the main boilers,” although he does not 
hesitate to write “ the volts of the main dynamos.” 
Since the generic name current is regularly employed, 
without reference to any particular unit of current, why 
should not the expression “ pressure" “potential differ¬ 
ence ,” “ P.D.” or some other generic name, be simi¬ 
larly used. “ Current and pressure ” if you like, or “ am- 
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peres and volts ” if preferred ; but, great as may be our 
respect for the lineman on a railway, or for the switchboard 
attendant in an electric light station, it is not compulsory 
for us to form our technical language by slavishly copy¬ 
ing his “ current and volts.” 

To produce a Board of Trade unit inclusive of all 
charges excepting those for land, taxes and depreciation 
of buildings, costs the Midland Railway Company (to 
whom Mr. Langdon is the electrical engineer) from 
23 d. at the Birmingham Central Station to 3'5 d. at the 
Leeds Hunslet Station. These amounts, although much 
higher than the corresponding sums at a London large 
electric light-generating station, are fair, in view of the 
short time that artificial lighting, even in the winter, 
is required in a railway goods yard, or in offices which 
close at 5.30 p.m 

The subject of lighting railway carriages interests 
every one—or ought to. But the public have for many 
years tolerated the lamp being placed at the middle of 
the roof of the compartment of a railway carriage instead 
of at the back of the reader, and no expression of feeling 
was manifested when the fixing of penny-in-the-slot 
accumulators and reading-lamps in the carriages on the 
Metropolitan District Railway suggested the principle 
that the Company did not undertake to light even the 
first class compartments in return for the sum paid for 
the passenger’s ticket. 

The author suggests—and we think rightly—whether 
“ it might not yet be advisable to attach to each train a 
vehicle equipped for the double duty ” of lighting and 
heating, “ having for its primary source of power an oil 
engine.” 

The short Chapter xii. on “ intercommunication in 
trains in motion ” we may pass over—for the author has 
recently dealt with that subject at length in a paper read 
before the Institution of Electrical Engineers—and we 
come to the last, on the “ administration of the en¬ 
gineering branch.” In this the author suggests (probably 
unintentionally) the explanation of the special literary 
style adopted in his book, for he says : 

“When we write a letter the conventionalities of 
society demand a degree of courtesy which is readily 
excused, and which would seem absurd in a telegram. 
It is not clear why it should be so ; why a letter— 
especially a business letter—should not be just as accept¬ 
able if couched in the same concise terms considered so 
proper for telegraphic correspondence.” 

We conclude as we commenced by expressing the 
opinion that, in spite of minor blemishes such as we 
have referred to, Mr. Langdon’s book is distinctly good 
on the whole. For of what consequence are a few 
antiquities of expression, and how easy is it to be critical 
now , and to suggest improvements in the work of men 
of the older school which can be made to-day , when we are 
revelling amidst a wealth of electric meters, ammeters, 
voltmeters, coulomb-meters, watt-meters, energy meters, 
potentiometers, &c., and are enjoying the luxury of the 
labour-saving appliances with which technical colleges 
are equipped? Will, .however, the young electrical 
engineer of to-day, with all this vast collection of electrical 
appliances at his command, succeed in making so deep an 
impress on electro-technical science as did men like Mr. 
Langdon thirty years ago , and will a practical electrical 
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treatise written thirty years hence by the young electrician 
of to-day be as much up to date then as is “The 
Application of Electricity to Railway Working ” in 
1899? “P. D” 


OCTONIONS. 

Oct onto ns j a Development of Clifford's Bi-quaternions. 

By Alex. McAulay, M.A. Pp. xiv + 253. (Cambridge : 

University Press, 1898.) 

ROM a purely formal point of view, apart from any 
question of geometrical or physical application, 
the mathematical method known as quaternions may be 
•described as a system of shorthand for dealing with the 
algebra of certain complex numbers. 

Let /,/, k be three independent entities which obey the 
relations 

O’ = - ji = >h ) k = “ ¥ =t t, ki = - ik = /, ... 

*s =/» = ** = - 1 • • P.) 

and those derived from them ; and let w , x, y, s be any 
four real numbers. Then the totality of complex numbers 
of the form 

w + xi + yj + zk 

evidently constitute a self-contained system ; in the 
sense that the result of combining two or more such 
numbers by addition or multiplication is another number 
of the system. Moreover, it may be easily shown that 
the result of dividing any number of the system by 
w + xi + yj + zk 

is a definite number of the system unless w, -v, y and z 
are all zero. 

Quaternion analysis is a method of shorthand, and an 
extremely compendious one, for dealing with this system 
of complex numbers. 

Hamilton himself considered, under the name of bi¬ 
quaternions, an extension of this particular algebra in 
which each real number in, . . . , is replaced by 

zv l + 1% V - t, . . . , 

where «q, . . . , are real numbers. 

This is equivalent to dealing with the self-contained 
system 

req + xff +y 1 J + + iv.,u> + x.fw + z 2 ka .... (A) 

in which i,j, k, a obey the relations (i.) and the further 
relations 

icc — ui, /go — ay. kce = 01k, .. . 


Clifford introduced two distinct extensions of the 
algebra of quaternions. In each of them the complex 
number is of the form (A). In one, /, J, k, u> obey the 
relations (i.)and (ii.), except that the last equation of (ii.) 
is replaced by 

= 1. 

In the other, /,/, k , w again obey the relations (i.) and 
(ii.) with 

or = O 

in the place of the last equation of (ii.). To both of these 
algebras Clifford gave the name biquaternions. 

It may be noticed that the formal algebra of Hamilton’s 
biquaternions is quite independent of the supposition 
that to is the v - of ordinary algebra ; it depends 
purely on the laws implied by (i.) and (ii.). 
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The three algebras thus obtained are the only distinct 
extensions of the algebra of quaternions that result from 
introducing a single new unit or entity which is permut- 
able with i, j and k, while its square is an ordinary real 
number. 

What one may call the geometrical counterpart of 
quaternion algebra is the geometry of rotation round 
a fixed point, and the parallelism between the algebraical 
and the geometrical theory is complete. To the general 
complex number in the algebra corresponds the most 
general operation on rotations round the point, viz. the 
operation which will change any one such rotation into 
any other. There are also geometrical theories standing 
in the same relation to the three extended algebras, each 
containing as a part, as it should do, the theory of rota¬ 
tion round a fixed point. 

It was, in fact, from the geometrical side that Clifford 
approached the subject in his published writings. His 
point of view may be presented briefly as follows. 

A velocity system in space (i.e. the mode in which a 
rigid body is moving at any instant) is completely 
specified by an axis AB, the magnitude a of the velocity 
of rotation about AB and the magnitude V of the 
velocity of translation along AB. From the doubly- 
infinite set of operations which will change any velocity 
system given by AB, a, V into any other given -by A'B', 
o', V', a particular one may be chosen as follows. Let 
CD be the common perpendicular to AB and A'B' ; and 
let d = pa, and V' = qV. There is a definite twist with 
CD for its axis which will bring AB to A'B', and at the 
same time the direction of V along AB to agreement 
with the direction of V' along A'B'. The operation which 
changes the one velocity system into the other may be 
made up of (i.) this twist, (ii.) an operation which merely 
changes the magnitude of the rotation velocity in the 
ratio p to 1, (iii.) an operation which changes the mag¬ 
nitude of the translation velocity in the ratio q to 1 ; and 
these three may be carried out in any order. The 
operation involves in its specification eight distinct 
numbers, since a twist involves six. 

Having thus obtained a definite view of the operation 
which changes one velocity system into another, Clifford 
goes on to discuss the laws according to which such 
operations combine. These of necessity depend on the 
nature of the space in which the motions take place. He 
only glances very briefly at the case of ordinary Euclidean 
space, and develops the theory, so far as he carries it, for 
elliptic space. He shows, in effect, that the formal laws 
involved for elliptic space are those of the extended 
quaternion algebra, for which 
or = I. 

The carrying out of the theory for hyperbolic space, in 
which case the formal laws are those of the extended 
quaternion algebra where 

w 2 = — 1, 

still awaits treatment. 

Prof. McAulay’s book deals with the theory for ordinary 
space, which is found to correspond to the remaining 
case, viz. 

a 2 = o. 

An octonion (the author gives reasons for preferring 
this word to biquaternion) is in fact, from the algebraical 
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